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FOREWORD

The soniscope investigation of concrete at Elmendorf AFB Hospital
was authorized by a series of telephone calls beiween Mr. Harold Stuart,
U. 3. Army Engineer Division, North Pacific (NEDY, Mr. R. E. Holmes, NPD,
Mr., W, M. Knopp, U. S. Army Engineer District, Alaska, and Mr. T. B.
Kennedy and Mr, Bryant Mather, Concrete Division, U. S. Army Engineer
Watervays Experiment Station (WES) on 21, 25, and 26 August 1964, and con-
firmed by letter from the Division Engineer, NPD, dated 27 August 1964.
The investigation was conducted during the period 28 August-16 September
1964 by Messrs. H. T. Thoraton, Jr., and J. K. Allgood, Jr., WES, with the
assistance of Mr. W. O. Thompson, Project Engipeer,‘Alaska District, and 7
‘Mr: Rodger Frank, Fort Worth District.

This report was prepared by Mr. Thornton under the supervision

of Messrs. T. B. Kennedy; B. Mather, and E, E. MeCoy, Jr., all cf the
Concrete Division, WES.

Directors of the WES during the conduct of this investigation

e b Lt

and the preparaticn and publication of this report were 71, JAex G,
Sutton, Jr., CE, and Col. John R. Oswalt, Jr., CE. Technical Directer
was Mr. J. B, Tiffany.
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SUMMARY

The hospital building at Elmendorf AFB, Anchorage, Alaska, was
demaged Ly the earthquake of Z7 March 196k. Devélopments occurred during
the progress of work designed to repair the damaged concrete which led
to a request for & soniscope investlgation. The U. S. Army Engineer
Waterways Experiment Station (WES) furnished a soniscope crew to make
velocity measurements or concrete of suspected inferior quelity in arees
designated as most critical from a structursl standpoint.

On the hospital building proper, 5ik sonic velocity measurements
were made. The measurements were made tirough various walls, columns,
and beams to determine the representative velocity of the concrete or
to find any cracked, shattered, or otherwise inferior colcrete present
at points where measurements were taken. Using appropriate combinations
of the same points, diagonsl measursments were alsu taken tinrough the
concrete to locaete inferior concrete, particularly horizontal cracking,
no*t detécted by the straight-through measurements. In uwddition to
locating inferior concrete, the :pulse velocity measurements provided a
good indication of the effectiveness of repair by epoxy grouting. To -
demonstrate this fact, one wail, used as a test panel, was marked with
an array of points at which readings were taken before and after grouting
with epoxy. Also in this connection, fifteen readings were taken on
three 4-in.-diameter, epoxy-repaired cores, and two readings were taken on
two L-in.-Jdiameter, undamaged cores, later broken in compression. Tensile-
splitting tests were performed on 2-in.-diameter, epoxy-repaired cores.

Representative velocities of goGd concrete ranged between 13,000
and 15,000 fps. Some low velocities were exhibited in all sections
tested, but low velocities were far more prevalent in ungrouted sections.
Very significant inereuses in ultrascnic pulse velocities were obtainad
where both faces of an arca of concrete werg sealed and the section
pumped to refusal with epoxy grout progressing Trum low to higher
elevations.

Results of tests indicate that: the compressive strengch of con-
crete in the hospital building probably ranges between - 000 and 5000 psij;
the epoxy-repaired concrete has a tensile-splitting strergth as high as
the original concrete; there are areas within the structure where epoxy
repair is not complete and furthe : penetration may not be rossible unless
the area is sealed and pumped from both sides.
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SONISCOPE INVESTIGATICH OF EIMENDORF AFB HOSPITAL
ANCHORACE, ALASKA

PART ¥: INTRCDUCTIOR
Tne Problem

1. The hospital building ai Elmendor{ A¥®, anchorage, Aluska,
was one of the many ctructures Jamaged by the earinguake which ocewrred
on 27 March 1964 {fig. i). During the progress of work designed to
repair the concrete by grouting with epczy resin, it became apparent
+hat the work was nct completely successful. Complete filling could be
obtained in the fine cracks, but the wider cracks wére not always com-
pletely filled. Cores drilled from cracked areas showed tompressive
strengths ranging from 100 ta 5000 psi. These developmenté led to

request for a somniscope investigation. It was thought that & welli-

planned serlies of pulse velocity readings vould permit an inteliigent

|
hit

estimate of the condition 07 the structure aad of the surcess of the

o

grouting operations which were in progress.

o

Purpose ané Scope of Study

2. e U. S. Army Engincer Weterweys BExperiment Station (RES)
furnished a soniscope and crew to make veleocity measurements on con-
crete of suspected infericr quality in the hospital to locate any con-
crete daneged by cracking or shatiering that mignt not be evident frow
a visual inspection aud to ovtain an indication of the success of re-

pair by epoxy grouting.-

3. 'The investigatiou was concentrated in areas designated as most

eritical from & structural standpoint, namely, main shear walls, columns,
beams, and columu-beam connections. ©On the hospital building proper,
6l4 readings were teken. Fifteen readings were tzken on three h-in.-
diameter, epoxy-repeired cores, and two readings wers taken on tweo
4-in.-diemeter ccres later broken in compression. Cne wall, used as a
test panel, wes marked with an array of check points at which readings
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were teken hefcre ané after grouving. Theee h-in.-diameter cores were

alsc tested tu determine what effect =poxy repair had on ultrasonic palse

velocity in cuncrerve. Tensile-splitting tests were performed on z-in.-
diameter, ¢ .s. -repeired cores to compare the strength of the eroxy bond

in cvecked coucretz with that of the undamaged cencrete.
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PARE TI: TBST EQUIPMENT AND PROCEDURES

Equipment

k., The scuiscope equipment, used wes similar to thst described in
Corps of Engineers test method CRD-C 51»57;1* The soniscope is an in-
strumert that trseasmits puisss of uvlhrasonic weves through a material,
and electronicaily measures ths time of travel from the transmitier to
a receiver while eachh is held against the surface of the msteriel a
known distance apart. Knowing the time of travel and She path length,
the velocities through the material csn be computed by using the fcllow-

1
ing Torr .a:

ca 1 s _ __Path length, ft
Palee velocity, IS = grrcctive time, sec

E
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. Wl Uy It - o
AL ot s i ol bt o e P et 0 ki s e i e

The pulse velceity provides an index of the condition or quality of
concrete through which the weadings are teken.

bbbl a,

i

Procedures

b

The procedure during the msajor pert of the investigetion was to

5.

cake /~T7vwity messurements straight through various walls, columns, and

et

i
b

beams to determine the repressntative velocity of the concrete or find

any crackec, shattered, or otherwise inferior concrete present at points
where meazwrements were taken. Using appropriate combinations of the

seme roints uses for the siraight-through measuremerts, diagcnal reedings
vere also taken through the concrete to locete inferior areas, perticularly
herizontal cracking, not detecied by straignt-tvhrough readings. If the
signal. must cross any horizontal or vertical cracking, a lower velocity is
ingicated. By comparing veloci%ies obtained through damaged and repaired

bt L e .

concrete with velccities representing urdamaged concrete, an indication of

the condition of the damsged or redaired concreie can be obtained.

* Raised numbers refer to similariy munbere” iters in the Selevted
Biblicgrephky folowing the text of this report.
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PARY III: TESTS AND RESULTS

Soniscope Tests and Results-

O. Results of the soniscope tests are given in tables 1-35. These
tables include station rumbers, station referances, path lengths, veioci-
ties, remarks, and in some instances stution location diagrams.

] wall,

7. Sixty-five readings were taker on the R wall {figs. 2 and 3).

The resulis are given in tables 1-3. Of the nine readings just east of
wall 17, ground floor, only three had velocities greater than 2000 fps.
Tonis section hed not been grouted and apperenvly cont.ined concrete of
inferior guality. The R weli, main lobby, first fioor, prouuced resdings
ranging between 12,115 ani 13,70 fps. These readings indicate concrete
of generally zood quality. However, the problem of inaccessibility caused
readings S be confined to 2 smell portion of the wall. This section oF
the R wall had been grouted, and there is a possibility that some of the
cracks were not completely filled. 1 readings taken on the R wall, first
ficor, hetween columns i2 and 12 near the garage entrance indicated con-
erete ol generally geod quality with the exception of four readings taken
to locate an infericr srez zbout 3 £t up from the floor near the erntrauce.
R-wall beam

8. Eiguby-three readings vere taken on the R-wall bsam at various
locations; readings are given in tebles 4-8. A section of the beam above
the ground-fleor lcbby between wails 23 and 25, not grouted, preduned three
straight-through readings indicative ¢f good concrete and eight diagonal
readings indicating poor to questionable quality concrete {table #). It
was eviderpt from the tests ard from visuel coservation vhat extensive
oxacking was present in this beam. Twenty-’dhr readings were fHuken on the
R-wall beam, first floor, msin lobby, between columns 23 and 2% (table 5).
This section had been grouted. Only thwee readings were less than 10,000

fos, and ik were more than 12,000 fps. The indications here are that

although somz crucks were apvarently no' {fil2ed, the general comdition of
vhe section raoged from questionable to good. The R-wall beam, first floor

i
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adjacent to wall 17, which had not been grouted, produced only 6 out of 15
straight-through readings above 12,000 fps (tablea 6 and 7). Only three
diagonal readings were greater than 10,000 fps; the remaining seven
ranged between 4160 and 9215 fps. ‘These readings indicate extensive
cracking, inferior quality concrete, or both in this sectlion of the beem.
Two resdings were taken through replaced concrete in this section of the
beam, producing velocities of 15,625 and 16,395 fps. The third floor
R-wall beam between walls L4 and 15 .roduced six straight-through readings
gr=" or than 13,000 fps and two at 11,495 fps {tcble 8). Of the five
diagcnel readings taken, two were below 12,000 fps and threc were below
9000 fps. Although this seCtion had not been grouted, the straight-
threough readings indicated genersliy good quelity concrete, and the
disgopal readings indicatzd some cracking.
Wall 17

9. One hundred and twelve readings were taken on various sections
of wall 1T The results ¢f these readings ore given in %ables 9-12. The
ground-flocr section of wall 17 immediately sdjacent to the L well and
scuthward above: the ceiling toward the kitchen seeméd to ve in generelly
good condition although some cracking was indicated. As reported in tabies
9 sand 10,all but two straight-through readings were above 12,000 fps. Only
five of 15 diagoral readings were below 10,000 fps. This section had uob
been grouted. Seventy-seven readings taken on the grouted section of
wall 17, first floor, sbeve elsvator door 5 (table 11} and ovsning into
litters rocm A-183 (table 12) produced only three velocities bejow 10.CC0
fur.  The remsiader of ibe osadings ranged vebween iG,520 auw 14,920 fbs,
with 57 readings at 12,500 fps or above.
I wall

10. The results of soniscope tests made on the I wall are given in
tahles 13 and 1b. All te5%ts on the L wall were cenfined to @ section at
the ground-floor level, This section had not been grouted. Of 25
straight-through measurcments made on the section by duct space 2, only
two were below 13,500 tps. Twelve disgonals read in this area ipndicated
_some minor cracXing. In a&a edjacent seclion of the I, wall by ﬁuairway i,
three of' 13 straight-through velocities w re belew 13,000 ips. The
diagonel readings averaged 7540 fps, and indicated that this section

!
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contained more severe crackidg than the section by duct space 2.
Wall 19 in duct space 2

2 1l. Selective coring and resulbs of ultrasounic testing revealed

that full penetration by eroxy grouting had not been obtained ir some
- .cases. Therefore it wss decided that one wall shoulid be designuted as
a test panel; that cracks should be sesled on both faces of the wall; .
- and that the wall shculd be pumped to refusel with zpoxy grout, 7 :
progressing from low to high elevation. A section of wall 19 in .
duct space 2 was chosen and the above procedure was followed (fig. It).
Pulse-velocity measurements were made on the test pvanel prior to grout-
ing. 2k to 48 hr after grouting, and T2 to 26 hr after grouting (table
15}, Tre 14 readiugs taken 24 to 48 hr after grouting shcwed velocity
increases ranging between C.6 and L8 percent, with an average increase
of upproximetely 19 percent. The very small increases ocwrirred at
points where ihere wars very little cracking and high velocities were
obtained with the first reading. W¥nen compared with the Zl- to 4B-hr
readings, the readings taken 72 to 96 hr after epoxy repsir showed an

L, A, 15 RS Y S ORI LT S S S A A P

L

average decrease in velocity of slightly less than 2 percent. This

P

decrease aiter extended curing of the epoxy is not surprising in the

WP e

1light of results of the tests Jiscussed in paragraph £3. The 24- to
48-hour readings taken at stetions ¥, L, and M were at least 795 fos
lcuer than the eleven cther 2k- to 48-hr readings. These readings

= showed an average increase of only 1k percent instead of the expected
sverasge increase of about 1Q-percent. {heck rerlings at %hese stztiane :
producnd the sam” resudlts. A éore was taken through a visible eorack

near sta 4 ok the line belween sta 4 and sta K, L, snd M. This core

SR gy

revealed 8 large unfilled crack between sta A ond sta K, L, and ¥ which . -
accounts for the low resdings obbtained &t thesa stations. Tae resulis

cbtained fvom velocity tests performed on this section of wall 19 indi-

N S g e

cate that significant increases it the ultrasonic pulse velocities can

b

be effexted in dasmeged concreie by epoxy grouting if the proper proge-
dures are followed.
" Trird-floor spandrel beam

i2. Retween columns 13 and 14. Twelve readings were tuken on the -

interioy section of the third-floor spandrel beam which had not teen
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grouted (teble 16). The fowr straight-through readings indicated

_anncrete of gegerally good quality. Vélogities obtained Ty taking

diagonel measurements indicated concrete quality from very poor to
goed. The low disgonal velocities indicated the presence of severe

cracking.
13. Peum 2nd columy readings, north side. Results of readings

designed to determine the genersl condition of beams, colwmns, and
column-beam conaections along the envire third-{icor spandrel beam
between columns 2 and 13, north side, are giver in table 17. This
entire sectjion had been zrouted. All straight-ihrough readings were
ebeve 14,000 fps with the excepticn of one reading of 13,765 fps. Most
of the diasgonul recdings on $his section ranged vetween 10,000 end
15,000 fps. The hlgh and low readings within this range seemed to be
well distributed olong the beam with no particulsr grouping pattern.
These readings (10,000 to 15,000 fps) indicated conditions renging from
partially {filled cracks to undamaged doncrete. Seven diagonal readings
were o2low 10,000 fps. Three of these reidings, which were significantly
low, were taken through the east column-beam conngction at column 8.
Unrepaired crackiag was suspected at this connection. Two of the low
readings were obtained in a section of the spandrel beam between cclumn 2
and about midway of the beam west of column 2.

1k, Read;ngs weré taken through the cuter © in. of column-beam
connzetions ut columas 8, 10, and 12 {fig. 5) t¢ determine th:z extent
of penelratinm in the cuter face. The locations of thass stalions and the
resu® of tests sre recorded in tables 18, 19, and 20.

15. Bemm and cnlumn readings, south side, FReadings similar to lhose

token on the third-floor spandrel besms and columns on the north side were
also taken on the socuth side of the building. However, dwue to inactessi-
bility; readings were confined to the vicinity of the column-besm coniece
tions. Columns and heams had veen grouted up %o column 8; no grouting
hed been uccomplished at columns 8, 10, 12, =nd 1%k. The grouting seemed
to make very little aifference in the generszl condition of the column-
‘veum connection readings. This fact is evidenced in the following

tebalstion.
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Column  Average Reading, fps _ Remarks

Lx 10,835 Four of 12 below 10,000 fps
4% 13,275 One of 12 below 12,000 fps
S 13,020 Three of 12 below 12,000 fps
10 12,380 Five of 20 below 10,000 fos
12 12,110 ‘fhrée of 2 below 10,000 fps
14 12,160 One of 12 below 10,000 fps

¥ Grouted.

At three of these colwens, readings indicated that the column-bean
counectious on one side of the column contained irore cracking than the
othexr side. This condition was indicated oa the vwest side of columns
14 and 8, and on the east side of column 10. Station locatiors and ve-
sults for this section are given in tables 21-26.

16. Column-beem readings through the outer 6 in. were taken at
column 10 to check for penetration of epoxy. All readings produced
velocities above 13,000 fps: Station references and results of read-
ings are given in teble 27.

Fifth-floor spandrel beam and
colunin connections, north side

17. Velocity messurements were made through the cuter 6 in. of
column-bean connections on the fifth floor, north side of building, at
colunes 12 end 10. Results (tables 28 and 29) indicated these connections
to be very good st celumn 10. Three df four measurements at column 12
indicated a good condition.

East stairway wall 2
between wall T and fan room wall

18. Reedings were taken in this secticn on the first, second,
third. and fourth floors. Kesults of the tests in this area are given in
tables 30-%3. Extensive cracking was inaicated on the first floor along
with a trend towaré less extenisive tracking in the bigher floors. Most
severe cragking occurred arcund door openings.

Wall 13, wmechanical
equipzment room B-254A - _ -

J9. Results of the 29 readings taken in this ares are given ir

table 3%. The eight diegenol readings tsken in the area between the large
k

ducts ranged beitween 11,710 and 15,120 fp3, indiceting that some cracking
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was present. The sbsence of any very low readings seens to indlcate

-that the cracking was cf a minor nature. Severe cracking was indicated

neer the south side of ithe door and in an area above the south side of
the door.

Columi-beam connectione -
around outpatient clinic

20. Eight readings were taken at five exterior columns around the
outpatient clinic (fig. 6) in an attempt to determine the effectiveness of
the epoxy repair. Inaccessibility of interior faces of these columns and
beams limited the type and number of readings that could be *aken. The
location and resulnus of these readings are given in table 35.

Interior column 6 at S wall

21l. Two measurements Wwere taken on this interior column for the
purpose of comparing the velocities with those of exte=lcr uoluiﬁns.
Velocities of 13,700 and 13,940 fps vere obtained. The velocities of
exterior columns on the main shear walls generally ranged between 14,500
and 16,000 fps.

Second-floor slab )
© 22. Three readings were taken in a petched area of the floor siab,;

second flcor, near elevator 5. The ve}.oeify in the new concrete was
1k,540 ;139; the velceily in the old ,concjrete was 12,500 fps; the velocity
from old to new was 7550 fps. This low velncity from 21d to new concrate
indicates a pcor tond tetween the o}d and new coucrete.

Epciq-répaire& cores .

23. A test designed to determine the effect, if any, of epoxy re-
pair on puise valocity was perfcrmed on three 4-in.-diemeter cores taken
from the I wall, ground floor. These cores were broken transversly, asd
then repaired with luyers of spoxy of differeat thicknegses. Cne core
gontained only & film o epoxy to form th~ bond. The other two were
repaired with 1/15- and 1/8-3n. layars, re;pectively. After repair, the
specizens were cured for 24 hr at a temperature between 70 and 80 F, and
then dried in an .oven for 2% hr at a temperatwre of 150 F. The teméer-

 ature was then rediuced to 120 F for a period of 43 hw. Velocity measure-

ments were made on the cores before breasxing and after each phase in the

suring process. To obviate any effect that drying of the specimens
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might have on pulse velocity, the cores were saturated with water for an

initial reading prior to bresking and the finel reading efter repuir. The

i AN, i

results of these tests (table 36) show only a 5.6 percent average decrease

in pulse velocity after breakage and epoxy repeir. A decrease of 3 to &

Py A g Lt e o

percent in pulse velocity occurred between the readirgs taken after 24 hr

TRy

of curing at room temperature and the readin s taken after sccelerated
curing in the oven. This decrease seems to te in 1line with v slight
decrease noted in velocities obtained in tests performed on wall 1Y when

the epoxy was at about these samz ages (see paragraph 11).

Other Tests and Results

sl Qb o b o e vt 2 F vk fSL i ) o o

Compressive strength

2. A k-in.-diametér core {core 1) taken from the R wall, main
lobby, first floor, and & similar core (core 2) teken from the L wall Ly

W et e

stairway l, ground floor, were taxen to the Concreie Branch testing ilabo-

"y

ratory, Alaska District, for compressive strength tests. The specimens

7
were capped and tested in accordance with CRD-C 1%-63.7 Pulse velocity

measurements were made on the cores prior io capping and bresking. Results
of these tests are given :n the following tabulation.
Compressive Strengtn Pulse Velocity
Core psi frs
1 4876 13,870
2 Sl 14,880

The lawited amount ot datn obtained rrom these tests prazludes the
establishment of any relisble correlation between pulse velocity and
compr.ssive sirength. However, these date conform to the generally cx-

pected pattern of a‘higher pulse velocity with a higher compressive

~

Tests were performed on eight 2-in.-diamcter cores Lo compare
strengt)l. of the =ro:y bond in cracked concrete with
Procedures outlined in test zmethod

lowed with the exception that 2-in. cores were tasted.
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The results of these tests are given in the following tabulation.

Tensile-Splitting
Specimen Strengtl, psi
1 588.5L
ic 4h1.0
ec ~ 682.4
3C Lok, 4
1E 822.0
2E 861.4
3E 665.5
LE 378.5

Specimen 1 was part of an undamaged core taken from the test panel,

wall 1¢. Specimers 1C, 2C, and 3C were cut from a single core of repaired
concrete taken from the same wall. Specimens 1E-LE were cut from a
single core of repaired concrete also taker from the test panel, wall 19.
Although the epoxy-repaired cracks did not run entirely parzllel teo the
specimen axes, the specimens were loaded as pearly as possible along

the repaired openings. Four of the ceven repaired specimens failed at
strengths cousiderably greater than that of the undameged specimen. The
other three showed strengths from 15 to 35 percent less than that of the
undamaged specimen. However, the most significapt Tact derived from
these tests was that the break in each repaired specimen occurred along
the sxis of the specimen and not siong the lice 2. spoxy repair. This
indicates that the epoxy bond was at least as strong as the adjacent

undamaged concrete in the specimen.
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PART IV: CONCLUSIONS

- 26. Representative velocities of good concrete in the I wall,

= spandrel beams, and columns ranged between 14,000 and 15,000 fps.

3 Other areas exhibited velocities between 13,000 and 14,000 fps in gocd
- concrete. ALl sections tested exhibited some low velocities in

i straight-through as well as diagonal readings. Low velocities were
far more prevalent in ungrouted sections.

27. Significant inereases in ultrascnic pulse velocities can be
effected in dumaged concrete by epoxy grouting if proper rrocedures
are followed. However, veliocities obtained after rapair will probably
be about 6 percent lower than velocities in the original undamaged
concrete. Sealing both faces of an area of concrete and pumping co
refusal while progressing from low to high elevatiocns seemed to be the
best method -for attaining effective repsir by epoxy grouting in the
areas tested during this investigation.

i 28. Results of compressive strength-pulse velocity tests, thcugh
limited, indicete that the compressive strength of the coancrete in vhe
hospital building probably ranges between 4000 and 5000 psi, and that
concrete of this quality will oSrobably produce pulse velocities ranging
between 13,000 apd 17 200 fps. Results of tensile-splitting tests

- indicate that cracked concrete when preoperly repaired with epoxy grout
is as strong as the adjacent originel concrefe.

: 2g. It is iadiceted from the test resuits that there are areas

is some question of whether further penetration ¢ 1 be obbtained in
areas thay have 2lready bteeu ruvamped unless pumping is done from the
opposite tace.
36. It is further concluded that ultrasonic tesiing is & rapid,
econcaical, and satisfactory method of detecting crucked or cthrarwise
Ay

inferice quality conorete, and that indications of ihe simte of repair

of the concrete can be derived from test rasulis.
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U. S. Army Figineer Waterwsys Experiment Station, CE, Handbook fox
Concrete and Cement, with quarterly supplements. Vicksburg, Miss.,
August 194G,

» Comparasive Tests cf Suniscopes for Ultrascnic Testing of
Concrste, by R. V. Tye, E. J. Callan, and E. C. Kosnore. Mizcellaneous
Paper No. 6-48, Vicksburz, Miss., September 1953, (With 19 references.)

» Field Scniscope Tests of Concretc: 1953 Tesis, by
E. C. Roshores. [fechnical Memorsndum No. 6-585, Report 1, Vicksturg, liss.,
April 195k,

s Ultrasonic Investigmtion of Crackingz in Kensas Gity
Flondxall (frmourdale Unit)L oy E. C. Roshore. Hisceilmneous Peper HNo.
£-72, Vicksburg, iiss., May 19%%. {With & references.)

—.» Fleld Tovestigetion of Conerete, Texarkanz Reservoir
Yrojeect. Miscellaneous Paper No. €-120, Vicksburg, Miss., March 1935-

(ivh & references.)

s =ashs of Schokbeteon Precast Concrete Units in Jceland,
by Bryanl Mathes. Miscellaneous Paper No. £-235, Vicksburg, Miss.,
August 1357, (With 11 references.)

y Fleid Soniscope Tests of Concrete; 1953-19%7 Tests. by
E. C. Roshore. Technical Memcrandwm No. €-383, Repurt 2, Vicksburg.
Miss., Marcu 1958.

; Investigation of Compressive Strength of Molded Cyli ders
and Drilled Cores of Concrete. Teebnical Igport Ho. ©-522, Vicksburg,
¥Wies., August 195G. See also "Investigation of compressive strength of
molded cylinders and drilled cores of concrete;" by Bryont Mather and
¥. 9. Tynes. Prcoeedings of the Anerican Concrete Imstitute, wvol 57
(Jemsery 1961), pp 767-(10.

» Velocity Rests of Concrete, Riverside Wall, Asnley Street
Plan, Union Electric Company, St. Louis, Missouri, by J. H. Sanderson.
Miscellaneous Peper Mo. 6-456, Vicksburg, Miss., Gctober 1961,

y Veloclty Tests of Concrete Retaiming Well, Scuth Amsterdsm,
fiew York, by k. C. Roshore. Miscellsneous Peper Ho. 6-527, Vicksbarg,
Hiss., Septewber 1952.

, Evaluation of Concrete by Ultrasoric Testing, F. Z. Warren
Auxilisry Sites, Sguedron- 313, by H. T. Thornbon, Jr. WMiscellznecus
Paper No. 6-585, Vicksburg, Miss., July 1963.
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Tuble 1

Fesults of Soniscoue Tests

(Mot Grouted)

East of Wall 1T Beiweon Ground and st Floor

Station
Nunbers

_Stativn References

Distance

Lown {rom

ist Moor
in.

Distanxe

Eagt from

Wall 37
in.

VYelocities
Path DS
Lengih  Gtraight

't Throwsh

Divgonule

Remarks

a3
85

87

Lo

20

60

§& 828

N
o

7

20

20

-~

&0

60

100

pite

1.GO
1.00

12,660

9,345

12,585

-~ W
£ 5%
& a K

NN wvh

| ol Y]
[
L%

& 9

Only one siide

ueeessible

Only one side

accessible

Oaly one side

zeeessivlie

Only cne side

acecessible

Only cne side

uceesgsivie

Only one side

accesc tie

Only oue side

acnessiblic
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Teble 2

Results of Soniscope Tests '

R Wall, Main Lobby, lst Floor t

(Grouted)

Station refeyences 7

Distance  Distance Veloclties E

from from Path £ps

Station East Face Floor Length Straight

Numbters _in. in. 't Trarough Di.agonals

101 28 12 1.00 13,700

102 34 5 1.00 13,330

103 34 6T 1.00 13,250

10k 3h 35 1.00 12,660

105 35 17 1.00 13,330

106 20 112 1.00 12,560 i

107 ol 61 1.00 13,150 3

108 oo 35 1.00 13,330

109 8 109 1.00 13,150 A

130 8 68 1.00 13,330

101 to 109 1.98 12,143

102 so 109 3.6k 12,860

102 %o 110 2.58 12,525

104 to 1i0 3.6k 13,095
165 to 108 2.02 13,740
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Table 4

Resulis of Soniscope Tests

R-Wail Beam Above Lcbby, Ground Floor
Between Wells 23 and 25
(Not Grouted)

Station References

Distance Distance

up from West Velocities
Bottom from Path fps
Station of Beam ¥Wall 23 Length  Straight
Numbers in, in. ft Through Diegonals  Remerks
106 37 21 1.08 14,400
166A 37 25 east Only one
of 106 side ac-
cessible
107 17 21 Only one
side ac-
cesgidle
108 AL TL 1.08 13,500
109 8 g5 Only one
side =mc-
cessible
110 24 1028 Only one
side azc-
cessible
111 40 133 - 1.08 13,170
112 Lo 170 Only one
side ac~
cessible
113 10 165 Only one
side zc-
cessivle
106 to 106A 2.35 11,520
105 to 108 k.46 9.51
107 to 108 §.31 11,370
108 to 10G 2.53 75565
106 to 111 .1k 7,765
111 to 112 2.95 11,345
111 to 113 3.90 8,495
110 to 111 2.72 1,575
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Table 5

Resulfs of Soniscope Tests

Retween Columns 27 and 25

8-Yall Beam Over lst Flocr Opening (Mein Lobby)

111
112
113
11
115
116
117
118
119
120
121

iez

122 %o
122 to

Station
Numberg__

122
122
i<2
116
115
118
125
12k
123

(Grouted)
tation References
Distance Distance
from Top West from Path
oi Beam Wall 23 Length
in. in. 't
3 T 1.00
16 7 1.50
24 7 1.00
11 23 1.00
i9 23 1.00
2 23 1.00
12 89 1.00
20 89 1.00
9 94 1.00
15 96 1.00
23 96 1.00
17 3a 1.06
8 Th 1.00
T 17k 1.00
o Th 1.00
3.00
3.17
3.57
2.17
.60
1.25

b

o Lar
O Ov Ry
-

v
Py

oo}
W]

Velocities

Straight
Througn

12,050
12,990
13,160
13,160
13,890
12,195
11,630
10,525
13,485
13,955
13,185
14,490
12,345
13,160
12,820

g}aionals

10,675
13,830
19,230
7,200
11,345
9,540
10,225
15,828
8,435
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Fesults of Soniscore Tests

Teble 6

R-Wall Deam, lst Floor Adjacent to Wall 17

Between Columns 16 and 17

(Not Grouted)

Station
Numbers

172
173
17h
175
176
177
178
179
180
181
182
183
172 to
175 to
174 to
180 to
173 to
178 to
179 to
181 to
181 to

i)

176
179
177
182

182
181
184
185

Station Refarences

Distance Distance Velocities
from rom Path fps
‘Wall 17T Floor Above Length Straight
in. in. _1t Threugh Diagonals
3 21 1.00 11,630
3 39 1.00 10,990
3 1 1.00 10,990
15 21 1.00 10,640
15 39 1.00 9,900
15 SL 1.00 13,700
2k 21 1.00 10,755
2k 39 1.00 13,160
2k 5L 1.0C 12,500
Ly 21 1.00 12,195
Ly 39 1.00 12,500
Ly 51 1.00 12,660
2.02 6,435
2.05 7,195
1.h2 11,360
a.23 9,215
2.23 8,545
2.53 6,875
2.47 11,175
1.80 5,520
2.17 6,975
u¥c Readings Teken Through Replaced Conercte
in R-Hsll Beam
i 16,395
i 15,625
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Results of Sonisccpe Tests

Table T

{Not Grouted)

R-Wall Beam, ist Floor Between Columns 16 and 17

Staticn
Numbers

1001

1002

1003
1001 te 1002
1001 to 1003

Readings from Station 1002 to Points Alowg ar Are

Station References

Distance
East of
Cpening
in Beam
_ta.

Distance
LDown from

Floor
Above

in.

Path
Lergth
£t

Velocities

fps

Straight
Through

15
24
31

&

%]
-

1.00
1.00
.00

1.95
2.08

11,365
10,310
6,370

1002 to 1004
1002 to 1005
1002 to 1006
1002 to 1007
1002 to 1008
1002 to 1009
1002 to 1010

46 in., Rast of Statioa 1002

3.98
3.98
3.98
3.98
3.98
3.98
3.98

Dizgonals

19,315
6,739

8,075
4,160
5,190
6,495
6,150
6,105
8,010

P O
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Table 8

Results of Soniscope Tests
R-Wall Beam Between Walls 1k ang 15
Between 24 and 3d Floors

{Not Grouted)

| |
ot i b s P, i O 3

Station References
Distance
from
Baust Side  Distance
of Large Down from Velocities
Duact 3d Path fps
Station Cpening Fleoor Iength Straight
Humbers in. in. £t Through Diagonal s

201 Lo 29 1.00 13,335
- 202 ko 1.00 13,335
203 20 1.00 13,160
. 20k 40 1.00 13,700
205 120 20 1.00 13,160
40
20

ananbt o

vl

b B 14 o it oy s b o

& &35

205 120 1.00 13,160
207 160 1.00 11,k95
208 160 ) 1.00 11,445
201 to 20k 3.88 11,280 ;
202 to 202 3.88 7,670
203 to 206 3.88 10,265
20% to 205 3.88 75565
206 to 207 3.58 8,170
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Table 9

Besults of Soniscope Tests

Wall 17 Adjscent to L Wali Between Ground and lst Floor

(Not Grouted)

RS AR T L T SN T

Stecvion References

Distunce Distance

Down from Veloeitias
from lst HNorth Path
Station Floor Face, R Length Straight
Rumbers in. Wall,in. ft Through Diegonals Remarks
hox 20 293 13,890 Only one side
accessible
43, 20 293 Only one side
accessihle
42 37 293 1.00 13,890
43 57 293 Only one side
accessible
45 2 265 Only one zide
accessible
TS 37 265 1.00 13,515
k7 57 265 1.00 13,896
kg 20 222 Onl, one side
accessible
51 57 222 Only one side
accessible
57 57 183 Only one side
accessible
40X to 41 1.95 9,375
43 to 4T 2.38 7,040
k2 %0 W7 3.00 12,875
k2 to 45 2.8% 12,455
43 to 46 3.08 14,819
45 to 51 k.70 13,705
49 to 57 L.62 8,265
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Table 10

st ).\n 0 i 8 vl

Results of Soniscope Tests
Wall 1T in Duct Space 2
{Not Grouted)

Station References

o s on bl bl g 6l i

Distance
Distance from Worth
from Ground Face of Path Velocities, fps
Floor I, Wall Length Straiant )
Station Numbers in. in. 't Through Diagonals i
95 102 50 1.0C 13,335
% 79 50 1.00 11,495
97 62 50 1.00 11,495
98 k2 50 1.00 12,050 :
9 102 go 1.00 14,085
100 79 80 1.00 13,700 ]
1 62 80 1.00 i3,515 3
102 42 80 1.06 13,335
103 102 110 1.00 13,890
104 162 140 1.00 1%,705 E
105 162 180 1.00 14,705 3
95 to 99 2.75 9,965
% o 93 3.33 11,935
9% to 100 2.84 11,935
a7 to 102 3.17 12,780
98 to 101 3.17 9,875 i
100 to 103 3.23 14,815
103 to 104 2.7% 12,500
104 to 103 343 12,385

Al btk Bl



Table 11
Results.of Soniscope Tests

] Wall 1T Adjacent to R Wall Between 1st and 24 Floors
i: Above Elevator Door 5
£ {Grouted) %
Station References i
E- Distaace Distance Fath Velocities, fps ;
i Station frem from Floor length Streight i
Fumbers R® Wall, in. Above, in. ft Trhrough  Diagor’.s %
5 b1 10 10 1.00 12,500 :
. 142 10 18 1.00 12,500 :
143 10 k2 1.00 12,820
4 1 10 54 1.00 12,500
= 145 32 10 1.00 12,500
5 145 32 18 1.00 12,820 3
147 32 L2 1.00 12,500 3
148 32 54 1.00 12,500 :
E 149 L4 10 1.00 12,985
2 150 L 18 1.00 12,985

: 151 Lk k2 1.00 11,495 ;
152 Ll 5k 1.00 12,050 3
153 59 10 1.00 13,890
154 59 18 1.00 13,850

155 59 42 1.90 10,870
156 59 5k 1.00 12,500 :
142 to 146 2.08 12,255
143 to 147 ; 2.08 12,235
145 to 149 1.h2 11,640
147 to 151 1.2 11,6k0
146 to 150 1.hk2 9,660 ;
149 to 153 1.60 12,030
: 15C to 15k 1.60 12,500
151 to 155 1.60 9,940
: 152 to 156 ’ 1.60 10,740
150 to 155 2.50 12,565
- 152 to 15§ ’ 1.99 13,355
1k2 to b7 2.88 10,7C5 :
1bF to BT - .00 12,4 ¢ ) ;
(Continuet) =

33




Table 11 (Concluded) -
tation References

Distance "Distance Path . Velobities, fps
~ Station from from Floor Length traigh®
Rumbers R Wall, in. Above, in. ft Through  Diagonals
186 ) T1 10 1.00 12,820
1E7 T1 18 1.00 14,085
188 1 L2 1.00 12,500
189 T1 5h 1.00 13,515
150 a3 i0 1.00 13,160
91 93 18 1.00 12,050
192 93 k2 1.00 13,160
193 93 5k 1.00 12,820
19k 117 10 1.00 12,820
195 117 18 1.00 12,820
196 117 Lz 1.00 12,820
197 117 54 1.00 13,335
190 to 194 2.23 13,435
192 to 195 : 2.23 10,520
187 to 192 2.47 - 13,645
192 to 195 2.23 14,295
196 to 197 1.42 11,450
190 to 191 1.20 13,150
187 to 188 2.23 11,265
188 to 189 1.42 12,455
155 to 156 1.42 7,176
155 to 187 2.7 11,705
Readings Through Replaced Concrste in Soutn
Side of Door, Litters Roor A-3i33
A 12 10 1.00 14,570
B 24 12 1.00 1,570
c 36 10 1.00 14,510
D L8 10 1.00 2,510
E 60 10 1.00 14,510
AtoE b.i5 15,090
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Toble 12
“ Resulte of Soniscope Tests
p
3 Wall 17 Betwesn lst and 2d Floors Above Opening
into Litters Room A-183
- {Grouted)

Station Relferences

Distenze Distance

from from Velocitiss

fps

Diagonals

North ¥loor Path
Station Wall Above Iength Straight
Numbers in. in. Iy Throusn

157 10 12 1.00 13,709

. 158 10 A 1.00 1%,085

: 15 10 55 1.00 13,700
60 2l 12 1.00 1%,285

: 161 21 31 1.00 13,896

‘ 162 21 5 1.00 13,160

163 36 12 1.00 14,285

16k 36 31 1.00 13,700

165 55 1.00 13,700

: 166 12 1.00 13,700
167 31 © .00 13,890
168 55 1.00 14,085
169 12 1.00 15,156
17C T 14,282
171 55 3.-00 13,700

3 167 to 169 2.53

. 166 to 170 2.73

168 to 170 3.00

167 %o 1T 3.00

164 to 168 2.62

164 o 165 2.2%

163 to 184 1.98

157 to 16k 2.97

158 to 162 2.39

j\:’l\ﬂ\ﬂw
(VIR LR VU 3

)

(9L
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-
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T AP T N T N R TVIRN

R LN

15¢ to 161 2.3
16¢ to 163 1-87

13,605
12,295
13,335
14,285
18,575
13,435
13,340
13,360
13,060
13,080

14,010
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Table 13
Results ¢f Soniscope Tests
L Wall by Duct Space 2
Ground Floor Level
(Not Grouted)

Station Numbers

L WA VI

[« B el o)

38

20
2i

o

=3

o
W

»tation Helerences

Distanne
froi: zast Distance Velocities
Face up from Path fos
Wall 27 Floor Length Straight
in., in. " Through  Diagonals
56-1/4 11k 1.C0 14,495
56-1/% 97 1.06 14,495
56-1/L 85 1.00 14,495 ,
56-1/h 65 1.00 14,085
56-1/4 ko 1.00 13,890
?1-1/h 11k 1.00 1h,495
T1-1/b 97 1.00 14,495 E
73.-1/b 55 1.00 14,495
71-12/4 65 1.00 13,800 "§
Ti-1/% 4y 1.00 13,700 §
86-1/h 13k 1.09 14,085 3
86-1/4 97 1.00 14,710 v
86-1/h 85 1,00 14,085 3
86-1/4 65 1,00 13,890 %
86-1/4 by 1.25 1,285 ﬁ
101-17k 114 1.00 14,085 m
10L-1/k 57 1,90 14,925 2
1011/ 5 1.00 1k, 595 :
101-178 55 1.90 12,820 :
108-1/Y k9 1o 12,155 E
116-3f% 11k 1,00 13,515 E
110-1/4 57 1.00 14,085 :“
23024 85 1.¢9 1k,285 3
110-1/k 65 2,06 14,085
110~1/k 4G 1.09 13,700 3
Cont inued )
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Table 13 (Concluded)

Station Numbers

Station References

from Bazt Disiauce

e »

[a.- B s S o A WA V3

N

[
w

(2
L% I

=
o
G
p
=
&
=
E-4
=
¥
e
%
—
2
=
=
=
=
%
=
<
s
B
2
e
3
S
z
=
s
K
=
>

i

[ TR R T

%
3
¥

=
=
W
=
=
ES
£

<3

o
10

-1l

A T
W

e
b

‘]
Y

"
Lad

Path

Tength
ft

Velouities

fps

-

Straight
Through = Diagonals

2.8k
2.84
3.48
3.h8
2.83
2.8%
3.48
3.48
3.33
3.33
3.80
3.890

11,270
12,065

75 750
11,715
11,015

9,190
12,565 )
12,125

8,495
12,020 =
10,735
11,985
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Tuble 14
Results of Soniscope Tests

L Wall, Ground Flcor by Stairway 1
{Not Grouted)

Station References

1 ] 1l ) A s ot o b B it e ik B e R

Distance
from
Eest Distance
Face up from Path -~ Velocities, fps R
Scation Wall 17 Floor Length Straight
Nunbery in. in. ft Through Disgonals
a6 180 114 1.08 10,000
27 180 85 1.08 10,485 #L
28 180 49 1.08 10,095
29 240 11k 1.08 13,670 E
30 240 85 1.08 14,025 ;
3t 240 49 1.08 13,670
32 240 13 1.08 14,025 3
3% 300 11k 1.08 13,335
35 300 85 1.08 13,170
36 300 13 1.08 14,595
38 348 85 1.08 13,670
39 348 kg 1.08 13,500
40 348 13 1.08 13,170
25 to 26 9.30 6,815
22 to 28 7.89 7,108
26 350 0 4.77 3,565
28 to 30 5.10 7,390
27 to 29 .77 8,26
27 to 31 5.10 6,735
29 to 34 5.59 6,600
31 te 3b ‘ 5.92 6,400
34 %o 39 5.18 10,635
35 to 38 5.10 ’ 8,715
30 to 35 5.92 5,690
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Talle 15

Results of Soniscope Tests

Wall 19 in Duct Space 2
(Test Parel)

W it 07

Station
: Desig-~

nation

g rx

LRI I

Path
Length
£t

1.00
2.08
2.17
2.8k
2.31
3.00
3.48
3.64
3.48
3.96
2.53
2.08
2.30
2.01

9/2/64 24 to 48 hr 72 to 96 hr

Before Rep=air After Repair After Repalr
12,660 14,29 13,515
1,125 13,080 13,165
10,795 13,310 12,615
5,650 12,680 12,685
7,375 12,905 12,625
9:375 13,160 12,820
9,720 12,795 12,535
1k,108 1k, hh5 14,680
12,745 14,380 14,320
10,180 13,380 13,070
8,665 11,345 11,450
11,685 11,885 12,310
9,745 11,560 10,550
13,225 13,310 13,225

L A T A T L s YT

B p Mg

Point A logated 90 in.

39

¥  All readings taken diagonuily through wall excepbt al point & where
straight-through readings were taken.
ground rloor and 42 in. south of I, wall.
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'
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Table 16

Results of Soniscope Tests

3¢ Floor Spandyel Beam

Betveen Columns 13 «nd 1k
(Not Grouted)
(North Side)

Station References
Distance Distance

from up from Veloeities
West End Botitom  Path fps
Station of Beam of Beam Length Straight
Numbers in. in. ft__ Through Diagonals Remarks
209 13 17 1.17 14,625
210 13 3 1,17 13,295
211 L3 17 1.17 13,765
212 43 3 1.17 13,765
213 83 15-1/2 Only one side
accessible
21k (13-14)* 83 3 Only one side
accessible
263%#* to 209 h.12 3,680
208 to 210 3.64 6,89%
209 to 211 2.75 12,010
209 to 212 2.99 10,275
212 o 213 3.69 7,305 2
211 to 213 3.53 12,0590 :
214 to BT 53 east  25-1/2 k.58 8,910
of point
214
214 to BU 49 east 5-1/2 .28 10,045
of point
214

3 Kamoers in parenthese:s indicate columns between which the station was
located.

#%  On Rewall beam, see tir . 8.




Tuble i7
{=gults of Zoniscope Tusts
3d Ficor Spandra: Beum; Readings Tharough Fress, Coelum,, amd

Coluzn-beex Conncetions

station Refelenees

- bistence from Dist.anew up
West End fros Bottos VYelovities, f}s
of Bons of B Patl lengtn Strufgs

- Statice fusbers ic. in. £ . Trrowph Disguneis

215 112-13)+
216 (on col 1z2)

215 to ¢ 5.3k

)
o
W
t
=
n
'™
.
s
-
b
I~
8
1
N

&

[

£
g
o
o
.
pon
-
I
&
-
o
3
awr

st
L)
-
o,
W
AN

. 215 to BD 3h west of point 214 5=/ kX1 11,510
) 25 to W 3% west of pelny 3% L-1/z 367 5,550
215 ko ER 3 west of point 219 25-1/2 kR 13,52 3
: 216 o BS 36 west of peint 216 5-1/z KT 5,550 Z;
) 216 to BP k2 cust of point zid 251/ 359 13,605 3
216 to BQ L2 enst of moint 216 5-1/z 309 13,570 :
: 217 (10-12) 299 cust of ¢ol i3 15-1/2 1.17 15,655 E
218 (1c-12) 26z east of col 13 15.1/C 1.1 1k, 445 :
219 {10-12) 423 enst of a0l 13 15-1/z 1.17 15,0625
) 220 (ow col 10) 500 cust of ool 13 15-1/2 117 13,705
) 221 (8-10) 566 east of col 43 15.3/2 3.17 15,54b5
217 to EP 35 vest of peint 2if o5-1f2 5.1% 158,287 E
’ 217 to BQ 33 west of point 217 5.1/2 2.91 24,050 E
217 to 218 Lo le 12,010
213 to 219 St 15190
. Z19 wo BN 37 cust of point J19 z5-1/2 3.3C 24,053
' 217 ¢ B0 37 eust of point 2'9 y-ife 3.30 1,515 .
220 o Wi 38 vest of point O 25-1fé 3.3t 11,575
20 o RO 3% vest of point ;20 s Y .3 13,575 :
220 to EL 13 esst of [int 20 -1/ S L i
220 to B 12 eust of point 20 5-lfa 1ot
220 te I set .
221 te BS 53 znst of point 21 Loelix SeT4
221 1o BE 43 enst ¢f point dcl s ¥ e il iRz
222 18410) 047 eonzt of ool 13 15eifz 1.37 1,65
: 223 {8-10) 16 eags of el 13 15170 1.1, 1,008 )
2zh {=iddle ool B} T8¢ wust of col L3 131/ 1.37 13,000
222 tc R %0 west of point so< wH-ifa 3.5z
- 222 1o % 42 west of point Jis La3ie 350




Tuble 17 {Concluded)

otaticn Referen

W LR

Gistanee froo Dickace up
West End fros oty Veloeitivs, fis -
of Besn o1 Behas Pats length Struxght
Station Nu=bers in. in. it Trroush

zoka

224B

j 5tz z.91
l On n u 32-in. are weobl of
'\ point 25

W

zeh ~2-1{% z.91 {505
B 35 vest of y-bfl %75 5,4y
B 30 vest of 5.1z il b, :
z27 o 228 3= 1%, O 3
227 1o <A 45 gut of peint oo cheifs Ty il :
o BF 5% east Of pwifb 2.0 wSeifs FEICE 91 E
53 esrt of peint 2o 9erfc PO
225 (ko) 10z eact of conter, col O Y
230 {4-6) 170 east of aenter, otl & ieifs i,
231 (on el & 240 eust of genter, ool Yieits a1
22z (2-k) 3D engt of o=mier, col © 1ye3f2 1.7
233 (z-5) 6% engt of center, 2ol € iamija
236 (2.%) k86 vast of center, col ¢ 10-2a
229 to BP &7 vest of polint 2072 517z Zetde 13,00

[
west of peint 240

Z3 e B 5 y-1fz2 5.0h 12,050
230 0 BD 32 enst of polst 230 19-1f2 PR S
231 to X, 25142 2.3 15,230
o E:‘:l ?;la 38-1n. are vest of 15172 2.8 PR
o B2\ 5e1/z2 3.5 1,0
{z-3) 3053 east of centor, 2ol & 3-ifz F 15,585
to hA i5elzz .05
o Lgl sre weut of reli e .
zo A2 Geiic 3 P
{2-%) & apeifs
{ceb) < eiSE
to 2% Leairns .
235 Lo B )
P V)
2353 o “.' cn =7 east of Folel azh ez Y
ol ko ewpt of point 136 Leria Zes FEPETY:
“ of 5 s ey P

AT

Wi e

i




Table 18

NS it by ey R

Resa_‘u-;s of Soniscope Tests
34 Floor Spandrel Beam at Column 8
Column-Peam Readings Through Outer 6 in.
North Side of Building

ol 1K g

¢

t

3 o Attt )54 K G A L 0 ]

- Diagenal
Path Length Velouczities
Staetion Humbers £t fps

B-30°% 5.6 13,965
B-306 5.5 12,305
c-801 5.3 13,695
¢-802 5.5 1k,250

o R DL ol b 14, i

£
1]
'
4
H
i
H
_ i
I 1
- 1
i
L}
'
_ c-aczl @ “'-';t C-oo
- <
N,

f .30 J Eis-0s

- — > —— - e

Station location diagram

w0

WAL e b i

A
gl

R




Table 19

Results ol Soniscope Tests
34 Floor Spandrel keam at Column 10
Column-Beam Readings Through Outer 6 in.
florth Side o1’ Building

Diagonal
Path Length Velocities
Station Numbers It fos 3
B-303 3.k 12,830 3
B-30k 3.3 12,690
C-1001 3.6 1k,575
¢-1002 3.7 1h,285
i
; =z
l =
1 =
i =
¥ 3
i E
i -3
ezl i & L eewon
s-30e B ‘\ D se303 ;
I
[BUTIAN :‘\\OE\I-.)N =
€1 & :tl‘ 832
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Table

ey

v

Soniscope Tests

Results of

3@ Floor Spandrel Beam &t Column 12
Column-Beam Readings Through Outer & in.
North Side of Iuilding

C-1202

202

’ Diagcnal
Path Length Velocitiesz
Station Numbers £t fps
B-301 5.6 13,2L0
B-302 5.5 9,665
C-1201 5.3 13,250
C-1202 Sl 14,450

®

o e o T oy NSt

,

............. - g s
201 G N, H \\ Gas-s02 x
e E
coizot | @ :Q. c-1202 E
1
] E
! E
1
4
]
] -
¥
]
\]
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Station location diagram

g

R s it I b

il

LT

=
£
E
£
-3
z
z




Table 21
E
Results of Soniscope Tests
3d Floor Spandrel Besm at Colwmn 14
Readings Through Beams, Columns, and Column-Peam Connections
(South Side)
(Not Grouted)
Velocities '
Tps —
Path Length Straight
Station Rumbers 't Through  Disgonals
o1k 1.17 13,765 E
C-14 to A 2.76 7,095
C-1% to B 2.76 10,000
c-1k te C 2.76 11,550
C-1k to D 2.03 11,215
c-14 to B 2.0% 11,800
c-1k to F 2.03 11,665 :
£-1% 0 G 2.03 13,810
- ¢-ib to & 2.03 13,810
o1l to I 2.03 13,810
C-t to J 2.76 13,730
C-1k o K 2.76 13,730
c-1k t0 L 2.76 13,730
; -
i
:
]
i
i
%
i
3 5 \\
= 6 gv ¥k b !
et N R NS & ettt
HR Y e
1N '
i s
1 :
1 :
;

-

T e AR L ST h*-.s..&“suﬁ



Table Z2

Results of Soniscope Tests

2d Mloor Spandrel RBeam at Column 12

o

Readings Tarough Beams, Coluun, and Column-Bean Connections
(South Side)

(Xot Grouted)

W

Velocities
Path fpe Path Diaconal
Station Length Straight Diag- Station Length VYelocitie
umbers ft Through onals Humbers 4 fus

=2
s

t= “3 4 s 2
c-12 1.17 b L5 £-12 to 0E T2 10,540 ;
. 317 1.17 1h,625 C-12 to w07 <1k 12,410 ;
C-12 %o A 2,76 13;,;'{?{}* 0-12 to -2 - ik 12,510
) ¢-12 10 B 2.76 1,850 C-12 to =0¢ =.1k La 0BG
C-12%t0 o S r;é L s Fa i B I z 1k k- T =
=1l O L . {0 1 ST =12 ©O :lQ ML lao, "0V E
) ~ = e -~ . . e 3
Cg-12% D 2.76 C-12 to =131 .1k 16,55
-2 t6 § 2.76 g-12 to 12 Lk 1%,-2C
C-12 tc ¥ 2.7¢ C-12 %0 -1z < ll,ééf}
C-12 to 301 5.1z ¢-12 to -1k .92 Ll,L:¢ E
E $-12 o0 362 5,13 C-i2 o .22 11,970 3
C-12 to 30- 5.13 ¢-12 to % 5.1 1,80 3
C-12 to 02 C-312 to -17 5.1% w G
e - - o - e g
C-12 tc =05 2,42 -, 2GG C-12 to D012 BRI =
; E
: 3
H =
i E
! %
' 2
i 3
i =
t -
S 3
_ . 8“93;&‘ —r _
3. . c=2 , N gL =
S [ s 15 E
: W PE R : Do P £ 3.
- e ————— wip f Faee ;L G EIEIe_____
- g Sy L AN s s 3
= iy - o ; s oN— =
= ,# 3 4
: ‘{-{’ ?“G % e 3
Z LI E
i
H
¥
:
H

Station loeation diagra:




Table 23

Results of Soniscope Tests

3d Floor Spandrel Beam at Column 10

Readings Through Beams, Column, and Column-Beam Ccnnections
(South Side)

(¥ot Grouted)

Velocities
Path fos
Station Yength Straight Diag-
Humbers 't Through anals
c-10 1.17 12,825
335 1.17 14,570
C-10 to C-10A 2.76 14,525
C-1G to C-10B 2.76 14,525
C-1C to 319 3.5% 13,420
C-10 te 320 32.53 13,170
C-10 to 321  3.%53 1h,175
C-10 to 322 2.76 1%,300
C-1C to 323 2.76 15,080
C-10 to 32k 2.76 15,225
C-10 to 325 2.03 16,170
wep 2
.......... é?§§¥§’
ﬁﬁég

-

o .'...oé

Station
Numbers

e R

me—— 2 e
S A e S NS T

¥
3
%

Velocities

c-10 to 326
c-10 to 327
C-10 to 328
c-10 to 329
c-10 to 330
¢-10 to 331
c-10 to 332
Cc-10 to 333
C-10 to 334
C-10 to 335
£-10 to 336

ny

(W%

»

W el
s Oh

Lad A
JoAnR
bad

.

LAy

Station location diasgram
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Table 24

Results of Soniscopi Tests

3d Flcor Spsendrel Beam at Column 8

Readings Through Beams, Columns, and Column-Beamr Connections
{South Side)

(Not Grouted)

Velocities
ips
Ps%h Length Straight
Station Numbers it Turough Diagot.. k
-8 1.7 15,195 :
c-8 to 337 5.13 10,020
c-6 to 338 5.13 13,035
c-8 to 339 5.13 11,305
c-8 to 340 3.53 13,320
. ¢-8 to 3k 3.53 12,430
’ c-8 to 3k2 3.53 10,895
c-8 to 343 3.53 14,350
c-8 to 3kh 3.53 14,350
c-8 to 345 3.53 14,350
c-8 to 346 5.13 1%,210
-8 to 3b7 5.1.3 13,902
(-8 to 348 5.13 1k,100
é
i
)
¢
i
3
1
! \
i \,
&= SO 2K
S a\{-—'&——""—“‘_
1@ e £ #:c&
........ 3@ ~ QI A e 77X VNG 1 T U 3
i SO i
] =
¢ :

Station location




Table 25

Results of Scnizccpe Tests

Floor tpandrel Peam at Column ©
Readings Through Beams, Columns, and Colwun-Beam Connzehi-ns

{South 3ide)

\orouted)
Velocities
fpe
Peth Iength 3iraight
Station Numbers It Thorough  Disgorals
c-6 : 1.17 14,810

c-b to 349 2.76 12,105
c-6 to 350 2.7 .3,950
¢-6 to 351 2.76 no )
¢-6 to 352 2.03 3
g6 to 353 2.0% o
c-6 to 354 2.G3 £ 900
¢-6 to 355 2.03 1z,455
c-6 to 356 2,03 14,400
c-6 Lo 357 2.03 13,870
C-6 to 358

)Y
-
\
P—J
(W)
~
i,
<&
J

c-6 56 359 2.76 13,305
Cc-5 %o 360 2. 76 1z,0%

Jﬁw_-u,«,-“-"-“

M.f :m é 338 ‘Qm
-t ——— 353 o n,g_ub,.‘.-..-..-.-.._
§S§ Y X g

{35
||

i

!

A et

|

Station loeal
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Tahle 26
- Results of Soniscope Touts
3é Fleer Spondrel Beam at Co.umn &
Readings Through Beams, Columns, and Column-Beam Connections
(Couth Side)
{Grouted)
Velocities 2
fpe - 3
_ Paen Leagth Straight i
Station fumbers ) b Through  Disgonals !
] c-k 1.1 14,445 3
C-4 to 361 5.13 9,625 !
c-k to 362 5.13 10,200 k
c-h to 363 5.13 9,450 :
C-k to 36k 3.53 12,930 Q
c-k to 365 3.53 10,600 3
c-k to W66 3.53 12,255 ‘;
C-k to 357 3.93 ‘

11,360 3
12,360 3
11,800
8,170 .
11,8506

5
<IN
9,‘;.&&/

O NG N
F s 4

w

C-% to 269
-4 to 370
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Table 27

Results of Soniscope Tests
2d Floor Spandrel Beam at Column 10
Column-Beem Readings Turough Outer & in.
South Side of Building

: Velocities
ps
Path Length Streight
Station Numbers £t Through  Diagonals
B=301-S 3.7 13,355
B-302-5 3.7 13,755
C-1001-$ 3.8 13,620 :
: £-1002-8 3.75 13,890
c 1.7 15,180
B 2.6 ' 1L,130
cl @ EQ, <

i

i

:
c-02-3 | Q :‘S} [ 2 §
w2023 Q) N Dy-seer D
SO
8-301-333; "\ T Gin-asr-r Qe =
c-001-3 | f%\rz-m-s —— _

;

1

]
I Z
! 4
:
I §

: P

R Hetan s B a2l
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Statisn location diagram
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Table 28

L T

I

Results of Soniscope Tests
5th Flcor Spendrel Beam at Coluwn 12

Column-Bear Readings Through Outer 6 in.
- North Side of Building

Diagonal
Path Length Velovities
Station Numbers Tt Ips

- B-501 5:6 12,785
Bu502 5.7 10,775
¢~1203 5.1 14,675
: c-120k 5.3 14,153

ARENG

4

" " 1 I 1 I o
e it e it b bl S0 e v Ll

T NI

wh I

b Bl oy 2

WA

g

chzos | H

-
LEUT- IR o e

- 0 -

e - - e S

a3 Gt N\ PN Teenadz

I TR A N

z c1zay | Tyic-i20e

- - -

A A gt e M e

Station location iiagras

'
wair

[
W et

b Lkl el e

) owd




Tsble 29

Results of Soniscope Tests
5th Floor Spandrel Beam at Cclumn 20
Column-Beam Readings Through Outer 6 in.
North Side of Building

Veivcities
, fps
Path Length Straight
Station Numbers ft Through  Diagonals
B-503 3.3 1k,165
i B-50k 3.6 14,285
C-1003 3.6 15,126
C-100k 3.9 1h,285
o c 4.3 i 15,560
B 2.6 15,030

.

! :

] ¥

L] [
H

3K ey
2
i
i
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i
i
c-icos | @ {E. 2+1003
2304 \\J o303 D
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c-we3 | © 3 §) jcwoe

1
i
i
i
]
1
1
H
H
i
H
12

Station locatiorn diagram
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Table 30
Results of Scniscope Tests

Fast Stairway, Wall 2 Between Wall T snd Fan Rocm Wall

First Floor
(Not Grouted)

Station References

LN SRR A BT 1 R Sl g

Distance
from Distance Velocities
Fan Room up from Path fps
) Wall Floor Length Straight
Station Numbers in. in. It Through Diagonals  Remarks
57-161 1k 136 1.00 15,875

SW-102 ho 136 Only one
~ side ac-
i cessible
SW-~1G3 82 136 Only one
side sc-
cessible
SW-10% 122 136 Only one
side ac-
cessible
Si-105 162 136 Only one
side ac-~
cessible
S-106 192 136 Only one
side sc-
cessible
S-1.07 162 8y Only one
side zc-
cessible
S1-108 120 &l Unly one
side ac-
cessible
5W-109 62 8l Oniy one
side ac-
cassible

102 to 109 §.hp 8,110

103 to 109 k.35 8,850

103 to 108 4.81 T,G90

iohk to 108 3.98 13,050

164 %o 107 k.90 9,325

b.31 8,350




Table 31
Resul$s or Soniscops Tests
Bast Stairway, Waell 2 Between Wall T and Fen Rocm Wall
Second Floor
- : (Not Grouted)

Station References

Distance
fron Bistance - Velocities
Fan Room wup from Path fps
Wall Floor Length Straight
Station Numbers in. in. ft Through Diagonals Bemarks
5 -201 14 139 1.00 2L, 708
SW-202 y2 139 1.00 15,875 -
SW-203 8z 139 1.00 15,875 :
= SW-20k 122 139 Only one
side ac-
- cessible
SW-205 162 139 Oaly one
side ac-
cessible
SW-206 192 139 Only cne
cide ac-
cessible
SW-207 17T 102 Only one
side ac-
cessible
SW-208 122 88 Oaly cne
side ag~
cessible
SW-209 65 12 Only one
side ac-
caessible
201 %o 202 2.52 11,405 :
202 to 209 5.77 A,730
233 to 209 5.35 EO,SBQ
203 to 208 5.23 10,650
- 205 to 208 5.20 190,505
20% to 207 R 5 ik, 440
206 tvo 207 3.55 13,615

LS
o
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East Stairway, Wall 2 retween Wall T and Fan Room Wall

Table 32
Results of Soniscope Tests

Third Floor
(Yot Grouted)

Station Numbers

Station RefefenceS'

Distance
fron
Fan Rocn
Wall
iul

Distance:
up from
Ficor
in.

Path

length Straight
‘Phrough Liagonals

't

Velocities
fps

Pemarks

SK-301
SW-3202

Si-303
SW-304
sw¥305-
SW-306
SW-307
Sw¥-308

301 %o 302
301 to 308
303 to 308
302 to 307

304 tc 307

303 ¢ 305
305 to 306

28
68

108

148

188

158

108

68

120
120

120

120

120

g5

60

70

1.00

3.48
5.62
5.30
5.92
6.17
5.23
"3.8:

15,875

9,945
1,030
13,185
11,065
12,300
12,393

13,705

Cnly one
side ac-
cessible

Cnly one
side ac-
sessible

Only one
side ac-
cessible

Only one
side ac~
cessible

Only one
side ac-
cessible
Only one

side ac-~
cessible

Only one
side acs
cessible

n
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v 0 0 s e s s ol

=

"y

o
it
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- Bast Stairway, Wall 2 Between Waell T and Fan Room Wall

Table 33

Results of Scniscope Tests

Foursh Flocr

(Not Grouted)

Station References

Distance
from Distance Velocities
Fais Room up from Path fps
Wall Floor Length Straight
= Staticn flumbers in, in. ft Thyough Diagonals  Remarks
Ski-ho1 14 125 1.00 i4,925
sw-ko2 13 1.5 1.00 15,625
SW-4032 81 125 Cnly one
side &g~
cegsible
Sw-Lok 121 125 Only one
side ac-
cessible
sW-405 161 125 Only one
side ac-
cessible
Sil-hoé 211 125 Only cne
side ac~
cessible
SW-LOT 161 95 Only cne
side acg-
cessiblie
sw-408 121 T Only one
side ac-~
cessible
SW-109 70 65 Oaly one
side zc-
cessible
Lo1 to %402 2.62 10,040
ko2 to k09 5.51 6,090
403 to 409 5.08 12,180
403 to &0OB 5.65 12,k70
Lok to 408 4.83 12,875
ok to 40T 3.68 12,715
LOA 4o 407 L.0k 12,705
k05 to 408 6.06 12,120
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Table 35

Results of Soniscope Tests

Readings on Cclumn-Beam Connections
Around Qutpatient Clinic

|

- (1) Colum: A

- (Grouted)
Diagonal
Path Length Valocitias
Station Numbers £t fos
D to 1 1.18 14,535
- Dto2 1.18 15,130
Btol 1.18 12,555
B to 2 ) 1.18 12,555
Col 22 to 1 ’ 1.18 15,325
Col 22 to 2 118 15,325
Column A 2,35 11,h55
Column 29 2.36 1k, 305
. v Y
1 ,_..° “! EPS 22
«//‘ Z ! /’: /I ; s ;""
‘? 4 H IS s 2 ]
. : LU ! '
§, R 3 . E E
[ H !
H ! !
; b | s
() Column T (2) Column B (3) Coiumn 22
on wall 9 on wall O on wall #

A. Column~-beam connections {grouted)

" {2) Column 29

B. Corner columns (grouted)
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-Table 36

Velocity Tests of Epoxy-Repaired Cores

veiocities, fps

Test Condition Fiim

1/16-inc Layer 1/8;in. Layer

Saturated, before breaking 1L,6k5
After 24 hr curing at 70 to 80 F 14,0
After 24 hr curing at 150 F 13,575
ASter U3 hr curing at 120 F 13,710
Saturated, final reading 13.575
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14,540
11,060
13,520
13,650
14,060

1k,645
1%,000
13,730
13,730

13,7320
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